Abstract Effect of sample thickness, ultraviolet irradiation and storage temperature on bacterial activity, storability and functional properties (foamability and stability) of liquid egg were investigated. Eggs were contaminated with prepared Salmonella suspension 108/mL. Separated albumen and yolk samples were poured in three thicknesses (1, 2 and 3 mm) and irradiated at 3, 5 10, 15 min with ultraviolet radiation and were stored at 5, 15, 25, 37°C for up to 8 days. Observations indicated that all ultraviolet irradiation times, reduced the total count of Salmonella bacteria in egg samples. Although, functional properties were improved, protein oxidation in both albumen and yolk increased. After the first 2 days of storage, total counts of Salmonella and protein oxidation of eggs decreased solely in the 5°C treatment. It is concluded that irradiation treatment can be used to decrease bacterial contamination of liquid egg albeit not below the safe level for raw consumption. Furthermore, the best irradiation times to improve foam ability and stability were 10 and 5 min, respectively.
Introduction
The quality of food products is determined by chemical composition, physical properties, and level of microbiological and toxicological contaminants, shelf-life, packaging, and labeling (Probola and Zander 2007) . Among of all these factors, microbiological and toxicological contaminants have crucial importance due to their impact on human life. Therefore, illness attributed of raw food materials to contaminate other food products, directly and indirectly, is perhaps the most prevalent health problem in the present world and is an important cause of dwindled economic productivity (Redmond and Griffith 2003) . Egg is widely consumed in a daily diet in many countries. Meanwhile, due to its numerous special functional properties such as foamability, foamstability, thickening, coating, colour, emulsifying and control of crystallization it has greatly been used to the egg-breaking industry (Meszaros et al. 2006) . Among the functional properties foamability is one of the most important functions of albumen proteins in the production of bakery products. Many studies have been done to improve foamability of albumen using heating or high pressure treatment, with emphasis on the relationship between the structural properties of albumen proteins and their functional properties (Van der Plancken et al. 2005; Perez and Pilosof 2003) .
Although, foods must not contain any pathogens or infections the presence of pathogenic bacteria such as Salmonella and Campylobacter in poultry and poultry products is a common phenomenon (Molins et al. 2001) . The egg becomes contaminated either prior to oviposition, with the source of contamination originating in the egg-laying apparatus of the bird, or after oviposition by penetrationmoist feces of the shell (Badr 2006) . To ensure microbial safety, improve shelf-life of liquid egg several operations such as disinfection, fumigation, egg washing and grading are employed. These methods are effective against post-laying contamination. Although, the only control measure against internal infection in shell eggs is pasteurization (Al-bachir and Zeinou 2006) , such enhanced heat treatments applied to liquid egg could, first, result in denaturation of proteins leading to decreased functional properties and, second, cause extensive droplet or protein aggregation, and undesired emulsion gelation (Anton et al. 2001) . By all these considerations, only commercial processes which manufacturers presently prefer, are pasteurization and/or sterilization treatments (Serrano et al. 1997) . As an alternative for heat treatment food irradiation provides significant advantages to food producers by destroying harmful pathogens and extending shelf life of foodstuffs (Durante 2002; Morehouse 2002) . Irradiation is a non-thermalmethod that can eliminate foodborne pathogens such as Salmonella, Escherichia coli and Listeria both inside and on the surface of shell eggs. However, irradiation may produce free radicals that can cause significant changes in quality and functional properties of egg and egg products. In this regard, Liu et al. (2009) reported that Salmonella typhimurium inoculated on egg shell was not detected by irradiation while, using irradiation improved functional properties for further processing and efficient separation of egg albumen and yolk. The objective of this study was to assess the effects of irradiation time, sample thickness and storage temperature on the microbial safety, protein oxidation, functional properties and storability of liquid egg (albumen and yolk).
Material and methods

Sample preparation
For the preparation of this experimental 1-day-old, clean, white-shell, fresh, unwashed and unfertile chicken eggs were collected from one flock of 45-week old Hyline hens which received the same standard diet. The averages of some physical and chemical properties of ten eggs measured at day zero are given in Table 1 . All damaged or cracked eggs were discarded. Samples were manually broken, and after separation into albumen (the egg white) and yolk, each was manually mixed. Thoroughly mixed yolk was carefully cleaned of the adhering white and the liquid yolk was collected into a beaker by puncturing the vitelline membrane (Ma et al. 1990; Anton et al. 2001 ). Each mixed sample was divided into 30 g portions immediately sealed to prevent evaporation of moisture and was kept for irradiation treatment.
Irradiation
Samples were exposed to UVradiation for 3, 5, 10 and 15 min using an experimental irradiator (Tekban, 320, Iran) with the samples placed 25 cm from the 254 nm UV light source. The UV dose used was 0.75*10^3 J m −2 (Piga et al. 1997 ).
Samples were poured in 1, 2 and 3 mm thicknesses then irradiation was carried out at room temperature in isolated and bacterial free environment. Due to the surface penetration property of UV, during treatment, samples were stirred three times, to receive a uniform dosage.
Bacterial analysis
Two-gram samples of liquid eggs were artificially contaminated with a suspension of Salmonella by thorough mixing (Blumenthal 1990 ). The suspension was prepared by mixing a sufficient colony culture of Salmonella with pure peptone water media. The ratio of inoculation was 1 mL of suspension to 9 mL of egg. Salmonella count in the prepared suspension was determined using a spectrophotometer at 620 nm wavelength (Eppendorf Biophotometer Plus, Germany). The total count according to its absorbance was 10 8 /mL. Subsequently, serial dilutions were carried out based on the standard methods in order to make enumeration easier (AOAC 1996) . The medium used for the bacterial investigation was nutrient agar. Eggs treated with UV radiation were stored at 5, 15, 25, and 37°C. The survival level of Salmonella, after incubation at 37°C for 48 h, in both irradiated and control samples was determined by plate counting conducted every 2 days for a total of 6 days. The Salmonella load one log cycle (D 10 ) value was then calculated.
Protein oxidation
Protein oxidation was determined using the method of Vuorela et al. (2005) with slight modification for egg. Onegram samples of yolk and albumen were homogenized with 19 mL deionized water using homogenizer for 60s. five hundred microliters of homogenate was transferred into two 1.5 mL microtubes, where 0.5 mL of 10 % trichloroacetic acid (TCA) was added to each. The sample was centrifuged for 10 min at 3,000 g, and the supernatant was removed. Two different measurements were carried out for protein oxidation: (a) carbonyl quantification and (b) protein quantification. For sample (a) 1 mL of 2, 4-dinitrophenyl hydrazine (DNPH), and for sample (b) 1 mL of 2 M HCl was added. After incubation for 1 h (shaken every 20 min), 1 mL of TCAwas added to both samples. The sample was vortexed and centrifuged for 10 min at 3,000 g. Supernatant was taken away carefully without damaging the sediment using the sampler. The sediment was washed with 0.5 mL of ethanol/ethyl acetate (1:1), then shaken, and centrifuged for 5 min at 10,000 rpm. This procedure was repeated two to three times to make it as pure as possible, after which, the sediment was thoroughly dried with nitrogen. The sediment was dissolved in 2 mL of guanidine hydrochloride (GH), shaken, and centrifuged for 10 min at 3,000 g. Amounts of carbonyls (sample a) and protein concentration (sample b) were determined using spectrophotometer at 370 and 280 nm, respectively. Samples were subjected to this procedure, according to the results of bacterial analysis only for the 5°C treatment, periodically at 2-day intervals for a total of 8 days. Sample stored at 15, 25 and 37°C were not followed up since unacceptable increase in bacterial load were observed.
To measure protein concentrations in sample (b) a standard solution of bovine serum albumin (BSA) in 20 mM sodiumphosphate buffer with 6 M guanidine hydrochloride (pH 6.5) was prepared, and it was qualified by standard curve. Concentration (nanomolar) of carbonyls was calculated as
Where 21.0 mM −1 cm −1 is the molar extinction coefficient of carbonyls. The inhibition coefficient of protein carbonyls formation is calculated as follows:
Where C 0 is the concentration (nanomolar) of protein carbonyls per mg of protein in a control sample and C 1 is the concentration of protein carbonyls per mg of protein in a tested sample. The inhibitions were expressed as percentages.
Functional properties
Thirty milliliter samples of irradiated and non irradiated liquid egg were placed into 100 ml cylinders and whipped for 30s using a homogenizer at 1,900 rpm. Foaming ability is defined as the foam volume (ml) measured 1 min after the end of whipping as follows (Hidalgo et al. 2008; Song et al. 2009 ):
Where V is the foam volume and V o is the whole egg sample volume before whipping. Foam stability was evaluated immediately after whipping. Foam was gently poured into a 250 ml graduated plastic cone and the weight of the transferred foam was recorded. The cone was covered with a transparent film and kept at 4°C for 2 h, and then the volume of the liquid separated at the cone bottom was noted. Foam stability was calculated as follows (Rossi et al. 2010 ): Where V LS is the volume of the separated liquid and V LWE is the volume of the liquid whole egg, corresponding to the equivalent volume of the transferred foam and calculated by dividing the initial foam weight by whole egg density.
Statistical analysis
All the experiments were replicated three times and the data were statistically analyzed using SAS institute Inc.. The effects of irradiation time and thickness on bacterial activity, storability and protein oxidation were determined using the analysis of variance and Duncan's multiple range test.
Results and discussion
Microbial safety
As shown in Table 2 , effects of sample thickness, irradiation time, storage time and their interactions on bacterial count were significant (P<0.001) for albumen. But for yolk, only the effect of storage time, and irradiation time were significant (P<0.001). Samples treated with UV radiation had significantly (P<0.001) lower total Salmonella count compared with the control samples for both albumen and yolk. Neither thickness nor interaction effects of irradiation and thickness could significantly (P>0.05) affect the bacterial count in samples of liquid egg yolk. This is due probably to a decrease in UV penetration into the thicker samples of liquid yolk.
As shown in Table 3 increasing UV irradiation significantly reduced bacterial load on albumen (P<0.05). Although, for yolk, there were no significant differences in bacterial count for 3, 5, and 15 min irradiation times, the bacterial count of eggs significantly (P<0.05) decreased compared with the control. Furthermore, based on observations, 10 min irradiation for both albumen and yolk was the best time in which bacterial count effectively diminished.
Compared to the non-irradiated liquid eggs in the presence of Salmonella for albumen, bacterial count in 3, 5, 10, and 15 min irradiation were lower by 0.4857, 0.6128, 1.3419, and 0.9628 log cfu/g, respectively. Moreover, the presence of Salmonella for yolk in 3, 5, 10, and 15 min irradiation were 0.49631, 0.3699, 1.28091, and 1.025 log cfu/g lower than control values, respectively. Meanwhile, this reduction either for albumen or for yolk showed fairly linear trends with R 2 =0.68 for albumen and 0.74 for yolk. The higher value of R2 was observed for liquid yolk than for albumen. This could be ascribed to the insignificant decrease of bacterial count for liquid yolk (Fig. 1). 1 Because of the aggregate characteristic of yolk, effect of thickness on bacterial count was not significant (Table 4) . However, for albumen, bacterial count in the 3 mm thickness treatment significantly increased in comparison with that of the control. Contrary to our expectation, thickness was not a prominent parameter therefore it need not be taken into account in liquid egg processing.
According to Table 5 , bacterial counts of albumen and yolk initially tend to decrease on the second day before increasing afterwards and reaching maximum values after 4 days of storage at 5°C.
During the first 2 days of storage, there was a sudden decrease in bacterial count which is clearly and strongly dependent on irradiation; afterward, there was a sharp increase in bacterial load and figures showed upward trend (Fig. 2). 1 Although, the best fit for bacterial count was a fourth order polynomial (R 2 =1), for the sake of simplicity, linear forms were preferred. Ultraviolet irradiation significantly decreases bacterial count for both albumen and yolk (P<0.05). Immediately after irradiation (day zero), 3 and 15 min treatments, reduced Salmonella in albumen and yolk by 0.95 and 0.98 log, respectively. After 2 days of storage, in the 15 min irradiation for 3 mm, Salmonella in albumen reduced to less than 3 log cfu/g. Therefore, 15 and 10 min appeared to be optimum irradiation times for improving microbial safety of albumen and yolk, respectively.
Results in Table 6 show that bacterial load in irradiated liquid eggs after 2 days of storage decreased significantly for each irradiation time within each group of storage period (P<0.05). These results are in agreement with those reported by Badr (2006) . Total Salmonella count for 3 mm thick yolk samples irradiated for 10 min not only was minimum (2.4 cfu/g) but also had a lower range in comparison with that of albumen.
Our observations are in line with those of Serrano et al. (1997) who found that gamma irradiation of eggs is effective in reducing or eliminating Salmonella enteritidis. Also, Koehler et al. (1989) reported that irradiation dose of 1 kGy eliminates about 100-1,000 salmonellae/kg of whole egg powder. This conforms to the results of the present study which indicated that bacterial count of separated albumen and yolk significantly decreased when the latter were irradiated for 3, 5, 10, and 15 min with UV radiation. Our results indicated that the best radiation times for decreasing bacterial activity were 15 and 10 min for albumen and yolk in 3 mm thickness, respectively (Table 7) . Although, UV irradiation reduced the Salmonella load, but bacterial contamination was still high enough to indicate that raw liquid eggs are unsafe for human consumption. Therefore, UV radiation was insufficient for complete disinfection of pathogens in liquid eggs, and such eggs are unfit for raw consumption according to the published microbiological criteria for liquid egg products, which stated maximum acceptable levels for the total plate count and enterobacteriaceae as 10 5 and 10 2 cfu/ml, respectively (Anonymous 1993). In addition, the absence of Salmonella in the liquid egg products may not make them microbiologically suitable for preparing safe uncooked foods (Anonymous 1993). Furthermore, due to the dramatic increase in bacterial load at all other temperatures, the only suitable temperature for storage of liquid egg was 5°C, i.e. normal refrigeration.
Effect of UV irradiation on protein oxidation for albumen and yolk
Due to the drastic increase of bacterial load at storage temperatures of 15, 25, and 37°C, protein oxidation tests have been solely carried out at 4°C. As shown in Table 8 , effects of UV irradiation, thickness, storage time, and their interactions on protein oxidation for albumen and yolk were all significant.
Effects of irradiation time, storage and thickness on protein oxidation are shown in Tables 9, 10, and 11, respectively.
Carbonyl content can be considered as a marker for protein oxidation because amino acid residues of proteins, such as histidine, arginine, methionine, lysine, and cysteine, can be oxidized to carbonyl derivatives by oxidative stresses like irradiation (Butterfield et al. 1998 ). In accordance with Table 9, significant differences in protein oxidation value for albumen and yolk were observed due to irradiation (P<0.05). Results indicated that irradiation time of up to 5 min caused unfavorable changes in protein characteristics of albumen. However, for higher irradiation times, protein oxidation decreased significantly. The lowest value (3.771 nmol), even lower than that of the control, was observed in the 10 min treatment. For yolk, as irradiation time was increased, protein oxidation decreased to its minimum Number with the same letter are not significantly different value in the 5 min treatment (5.462 nmol) followed by a subsequent increase. This may be attributed to increasing UVabsorption associated with increased irradiation time (Tombs and Maclagan 1962) . Results in Fig. 3 for the first two irradiation times differ from those reported by Ma et al. (1990) . According to their report, yolk proteins seem to be more susceptible to radiation induced breakdown than egg albumen proteins. According to Table 10 , carbonyl content in both albumen and yolk significantly differed as a function of storage time (P<0.05). Due to the dramatic increase in microbial load after 4 days, durability of liquid eggs were assessed for 4 days. Protein oxidation in both albumen and yolk had its minimum value on the second day (Fig. 4) . These results are in agreement with those reported by Badr (2006) .
As Table 11 shows, minimum values of carbonyl content for both albumen and yolk were observed for 3 mm thick samples, which is expected and is due to the diminishing penetration of UV irradiation with increasing thickness.
Interaction effect of sample thickness and irradiation time on the carbonyl content of irradiated and non-irradiated liquid egg samples are shown in Table 12 . Regarding albumen samples, irradiation treatments up to 5 min in three thicknesses caused a significant increase in carbonyl content (P<0.05). However, carbonyl dramatically decreased to its minimum value (3.2842 nmol) as irradiation time increased to 10 min, even lower than that of the control, at 10 min . The initial increase in protein oxidation of liquid egg albumen may be attributed to radiation-induced changes that resulted in less soluble aggregates in egg albumen. Our results were in agreement with those of Schuessler and Schilling (1984) who have reported that bovine serum albumin was cleaved by the oxidative destruction of proline residues, yielding specific protein fragments. Also, there have been reports on the aggregation and cross-linking of proteins by irradiation (Puchala and Schessler 1993; Kume and Matsuda 1995) . However, at 10 min irradiation time, covalent cross-linkages are formed between free amino acids and proteins, and between peptides and proteins in solution after irradiation (Garrison 1987) which may have contributed to higher absorbance at 280 nm and showed higher protein concentration. On the other hand, carbonyl in irradiated and non-irradiated liquid egg yolk rarely showed significant (P<0.05) changes within groups as indicated in Table 12 . Thus, interaction effect of sample thickness and irradiation time on albumen oxidation was mostly nonsignificant while for yolk was not, indicating the independence of albumen oxidation from sample thickness (Huang et al. 1997) . Gaber (2005) irradiated protein with 0, 0.5, 1, and 5 KGy doses of gamma radiation. According to his results, the molecular weight of proteins exposed to the 0.5-kGy radiation dose exhibited a minor change. However, a notable decrease in the molecular weight of protein was observed when exposed to γ-radiation at 1 and 5 kGy where the 5 kGy irradiation dose had higher protein weight compared with the 1 kGy dose.
Regarding the interaction effect of irradiation time and storage times (Table 13) , for each irradiation time, the carbonyl content of irradiated liquid eggs significantly decreased after 2 days of storage (P < 0.05). Furthermore, if compared with zero and 4 days of storage this is the lowest oxidation level. Having the best functional properties in the second day as well, points to this time as the best time for using liquid albumen in bakery.
Functional properties
Since the effect of sample thickness on protein oxidation was not significant, the albumen foam ability and foam stability experiments were carried out only in 1 mm thickness level. Initial irradiation produces the free radicals which can cause protein oxidation. Protein oxidation at this stage would increase foam ability while, decreasing foam stability. As irradiation goes further, chain scission would have happened. These changes can impact the functional properties of proteins and may influence them for albumen. Although, UV irradiation, except for the 10 min treatment, did not show any significant effect on foam ability and foam stability, however, results indicate that, irradiation improved foam ability and foam stability of albumen (Table 14) . Our results were in agreement with Ma et al. (1990) who reported that foam ability was improved by gamma irradiation due to conformational changes of proteins in egg white, which increased surface hydrophobicity and lowered viscosity. Conclusions & There were significant differences between irradiated and non-irradiated liquid eggs in terms of bacterial activity and protein oxidation in both yolk and albumen (P<0.001). & After the first 2 days, total Salmonella and protein oxidation of liquid eggs decreased only in 5°C treatment which indicated that the best temperature for storage of liquid egg is 5°C. & The lowest count of bacteria in albumen and yolk was observed at 15 and 10 min irradiation times in 3 and 2 mm thickness levels during the first 2 days, respectively. & The best irradiation time to improve foamability and stability of albumen and were 10 and 5 min, respectively. & The optimum irradiation time according to bacterial activity, protein oxidation and functional properties was for 10 min.
